Introduction {#sec0005}
============

The prevalence of adult spinal deformity (ASD) has tended to increase, associated to population aging.[@bib0155], [@bib0160] In Brazil, a recent study showed a prevalence of 18.5% of ASD in outpatients, reaching 28.8% in individuals over 60 years of age.[@bib0165] Among the causes of ASD, iatrogenesis is noteworthy after long lumbar arthrodeses; other causes include deformities associated with multiple fractures due to bone insufficiency (osteoporosis), rheumatologic diseases, such as ankylosing spondylitis, or even degenerative disc disease.[@bib0170]

The treatment of rigid ASD is of one of the major challenges in spinal surgery; these are often revision procedures, performed in elderly patients with comorbidities, and osteotomies are frequently required in order to achieve deformity correction.[@bib0170], [@bib0175], [@bib0180], [@bib0185], [@bib0190] Schwab et al.[@bib0195] described a classification system for spinal osteotomy, based on the extent of bone resection. The greater the resection, which increases the degree of instability, the greater the possibility in correcting the deformity. Thus, according to the three-column spine concept proposed by Denis,[@bib0200] osteotomies that compromise the three-column stability have the greatest possibility of angular correction for the deformity.

However, three-column osteotomies (3 CO) present significant risks for patients, with a high incidence of potentially serious complications.[@bib0170], [@bib0180], [@bib0190], [@bib0205], [@bib0210] The vast majority of the information on complication rates and clinical outcomes of 3 CO in the treatment of rigid ASD comes from studies of patients operated in the United States; data on 3 CO patients in Brazil is scarce. The present study is aimed at analyzing and describing data on clinical outcome and complication rates in patients who underwent 3 CO for the treatment of rigid ASD in a single healthcare service in Brazil.

Material and methods {#sec0010}
====================

This is a retrospective observational analysis of a prospective database that included patients who underwent 3 CO surgical treatment for ASD in a single healthcare service. The data were analyzed after approval by the Research Ethics Committee of the healthcare service responsible for the study. Patients over 18 years of age with complete data and who had completed a minimum postoperative follow-up of 12 months were included.

Primary data were collected immediately prior to surgery, and included demographic data such as age, gender, body mass index (BMI), and history of prior surgery, as well as clinical and functional assessment using the Oswestry Disability Index (ODI) and the Scoliosis Research Society-22 (SRS-22), translated to and validated into Brazilian Portuguese.[@bib0215], [@bib0220] The data referring to the surgical procedure were: type of osteotomy (according to the classification proposed by Schwab et al.[@bib0195]), site of osteotomy, extent of arthrodesis (proximal and distal fusion level), use or non-use of a screw in the iliac bone, one-time or staged surgery, total surgery time, and estimated blood loss. In the postoperative follow-up, clinical and functional parameters were assessed in order to identify the clinical result obtained in the surgical procedure.

Information on any clinical and neurological complications was collected. Any alteration in the neurological examination of the patient, upon waking or during the entire follow-up period, was considered a neurological complication when compared with findings from examination immediately before the surgical procedure.

The radiographic evaluation was made using total (panoramic view) radiographs of the spine in orthostasis and followed a specific pattern.[@bib0225] The scanned images were analyzed with the Surgimap Spine software (Nemaris Inc. New York, USA) for the measurement of the radiographic parameters of interest in ASD assessment: sagittal vertical axis (SVA), thoracic kyphosis (TK), lumbar lordosis (LL), pelvic version (PV), pelvic incidence (PI), and discrepancy between PI and LL (PI-LL). The recently standardized nomenclature for such parameters in Brazilian Portuguese was adopted.[@bib0230]

The pre and postoperative clinical and radiographic parameters were compared using the paired and unpaired Student\'s *t*-test. The Shapiro--Wilk test was used to check the normality of the variables. Statistical analysis was performed with Stata^®^ 11 SE, and the significance level was set at 5%. Thus, results considered statistically significant had a *p*-value of less than 0.05.

Results {#sec0015}
=======

Ten patients with completed data were included, one man and nine women ([Table 1](#tbl0005){ref-type="table"}). The mean age at surgery was 66.6 years (range: 57--79 years). The mean BMI of the patients was 29.5 kg/m^2^ (range: 25.5--32.4 kg/m^2^). The patients were classified in accordance with the SRS-Schwab classification[@bib0235]: seven (70%) had no coronal plane deformity (type N), two (20%) had a lumbar deformity (type L), and one (10%) had a double curve (type D). As for the sagittal modifiers, all patients had at least "+" for the three modifiers (SVA, PV, and PI-LL). Only one patient did not have a history of previous surgery; the mean of the sample was 1.6 prior surgical procedures, ranging from 1 to 3. The mean follow-up time was 24 months (range: 14--34). One patient died in the perioperative period; her postoperative data were not considered.Table 1Summary of demographic characteristics and SRS-Schwab classification of patients included in the study.Table 1PatientsGenderAge (years)BMI (kg/m^2^)Classification\
SRS-SCHWABNo. of previous surgeries1F7028.2N; SVA++; PT++; PI-LL++12F6025.5D; SVA+; PT++; PI-LL+33F7828.6N; SVA++; PT++; PI-LL++24F6632.4N; SVA++; PT++; PI-LL++35F6528.3N; SVA+; PT++; PI-LL++16F6628.6L; SVA+; PT++; PI-LL++07F6726.7L; SVA++; PT++; PI-LL++28F7929.7N; SVA++; PT++; PI-LL++19M5831.3N; SVA++; PT++; PI-LL++210F5731.2N; SVA+; PT++; PI-LL++1[^1]

[Table 2](#tbl0010){ref-type="table"} shows the pre and postoperative values of the radiographic parameters. A statistically significant improvement was observed in all parameters considered (SVA, PV, LL, and PI-LL; *p* ≤ 0.001). Regarding clinical features ([Table 3](#tbl0015){ref-type="table"}), a significant improvement was observed in the ODI and SRS-22 total scores, and in the Function/Activity, Pain, and Appearance domains (*p* \< 0.003). A trend toward improvement was observed in the SRS-22 Mental Health domain score, albeit not significant (*p* = 0.080).Table 2Comparison of pre and postoperative radiographic parameters.Table 2Radiographic parameterPreoperative period\
Mean (SD)Postoperative period\
Mean (SD)*p*SVA (cm)13.3 (5.6)5.6 (2.3)0.001PV (°)39.5 (5.3)25.3 (6.8)\<0.001LL (°)11.2 (12.1)41.0 (8.3)\<0.001PI-LL (°)44.7 (16.9)15.9 (8.9)\<0.001[^2]Table 3Comparison of pre and postoperative quality of life indicators.Table 3ScoresPreoperative period\
Mean (SD)Postoperative period\
Mean (SD)*p*ODI60.4 (7.6)32.2 (8.7)\<0.001SRS-22 total2.1 (0.5)3.4 (0.6)\<0.001Function/activity2.1 (0.5)3.0 (0.6)0.003Pain2.2 (0.8)3.7 (0.7)0.6Appearance1.6 (0.6)3.0 (0.9)\<0.001Mental health2.9 (0.7)3.6 (0.7)0.08[^3]

[Table 4](#tbl0020){ref-type="table"} presents data on surgical procedures. Three patients (30%) had one stage surgery, while six (60%) had two stages, and one (10%), three stages. The mean time of surgery (considering the sum of the surgical times in cases of more than one surgery) was 505 min (392--640), significantly higher in patients undergoing staged surgery than in those undergoing only one surgery (549.3 min ± 58.6 min *vs.* 403.3 min ± 9.9 min, *p* = 0.003). The mean estimated blood loss was 3630 ml (2600--4600 ml), also considering the sum of the surgical times in cases of more than one surgery. There was a trend toward greater estimated blood loss in patients who underwent staged surgery than in those who underwent only one surgery, but it was not significant (3914.3 ml ± 651.7 ml *vs.* 2966.7 ml ± 472.6 ml, *p* = 0.055). Regarding the type of osteotomy, one (10%) patient underwent grade 5 osteotomy ([Fig. 1](#fig0005){ref-type="fig"}), corresponding to vertebral column resection (VCR); four (40%), grade 4 osteotomy ([Fig. 2](#fig0010){ref-type="fig"}), corresponding to pedicle subtraction osteotomy extended to the resection of the vertebral plateau and superior intervertebral disc; and five (50%), grade 3 osteotomy, conventional pedicle subtraction. Grade 5 osteotomy (VCR) was performed at T12 level, and all pedicle subtraction osteotomies, both grade 3 and 4, were performed at L3 level. The mean lumbar lordosis gain in patients who underwent pedicle subtraction osteotomy was 34.2°, ranging from 25° to 46°.Fig. 1Patient with deformity classified as D; SVA+;PT++;IP-LL+: (A) Rigid lumbar curve post-arthrodesis with Cobb of 68° and thoracic curve of 35°; (B) rigid sagittal deformity with SVA: 9.5 cm, PV: 40°, PI-LL: 13°; (C) patient underwent grade 5 arthrodesis (VCR) at T12, to correct the deformity in the sagittal and coronal planes; (D) the correction achieved using three rods that crossed the osteotomy site; (E) postoperative radiograph shows the correction achieved in the coronal plane, with lumbar curve of 13° (80%), and arthrodesis (T4 to the iliac bone); (F) postoperative radiograph shows correction in the sagittal plane, with SVA: 0.4 cm, PV: 12°, IP-LL: −7°; (G) preoperative clinical aspect of the patient\'s back; (H) preoperative clinical aspect, lateral side; ([I]{.smallcaps}) postoperative clinical aspect of the patient\'s back and (J) clinical aspect of the lateral view. SVA, sagittal vertical axis; PV, pelvic version; PI-LL, discrepancy between pelvic incidence and lumbar lordosis; VCR, vertebral column resection.Fig. 2Patient with deformity classified as L;SVA+;PT++;PI-LL++: (A) Cobb rigid lumbar curve of 32°; (B) rigid sagittal deformity with SVA: 9.3 cm, PV: 34°, IP-LL: 57°; (C) patient underwent grade 4 (Sub P) L3 arthrodesis to correct the deformity; (D) the correction achieved using four rods crossing the osteotomy site; (E) postoperative computed tomography showing the resection of the superior plateau and the superior intervertebral disc with sagittal angular correction; (F) postoperative radiograph showing the correction obtained in the coronal plane, with lumbar curve of 8° (75%), and arthrodesis (T10 to iliac bone); (G) postoperative radiograph showing correction in the sagittal plane, with SVA: 6.1 cm, PV: 21, IP-LL: 11°; (H) preoperative clinical aspect of the patient\'s back; ([I]{.smallcaps}) preoperative clinical aspect, lateral view; (J) postoperative clinical aspect of the patient\'s back and (L) postoperative clinical aspect, lateral view. SVA, sagittal vertical axis; PV, pelvic version; PI-LL, discrepancy between pelvic incidence and lumbar lordosis; Sub P, pedicle subtraction.Table 4Summary of data on the characteristics of surgical procedures and occurrence of complications.Table 4PatientSurgical stagesEstimated blood loss (ml)Surgery time (min)Fusion levelOsteotomyOsteotomy classificationNo. of nails°Complications124200560T4-ILIACSub P L3321224500615T4-ILIACVCR T12530312600410T4-ILIACSub P L3321423500525T4-ILIACSub P L3441522700495T10-ILIACSub P L3340613500408T10-ILIACSub P L3442723900520T4-ILIACSub P340834600640T4-ILIACSub P441912800392T10-S1Sub P3201024000490T10-ILIACSub P444[^4]

Considering the level of fusion, T10 was the proximal level in six patients (60%) and T4 in four (40%). Regarding the distal level, all patients (100%) had sacrum involvement; nine (90%) with fixation to the iliac and one (10%) without. In all patients (100%) with iliac fixation, the S2 alar-iliac technique was used.[@bib0240] In three patients (30%), two rods that crossed the level of osteotomy were used; in one (10%), three rods, and in six (60%), four rods were used.

Six (60%) patients had at least one complication, in a total of ten events, with a mean of one complication per patient. Three (30%) patients woke up from surgery with some degree of reduction in motor strength in the lower limbs compared to the preoperative state; two recovered and one did not. Four (40%) presented surgical wound complications, be it dehiscence or infection, and all required a second surgical procedure, with a mean of 1.7 procedures per patient. One (10%) patient evolved with proximal junctional kyphosis deformity \>10° (considering the angle measured between the most proximal instrumented vertebrae and two levels above), but the patient had no related complaints and did not undergo any other surgical procedure. One case of pulmonary thromboembolism was observed, and managed with drug treatment. One (10%) patient died on the 23rd day of hospitalization due to complications. The mean number of hospitalization days was 23.3, ranging from seven to 61. The incidence of complications was similar between patients submitted to staged surgery and only one surgery (*p* = 0.849).

Discussion {#sec0020}
==========

The global aging of the population is associated with an increased prevalence of age-related health problems, including spinal deformity. It has recently been shown that the impact of spinal deformity on patients' quality of life is comparable to that of other chronic diseases such as pneumopathies, diabetes, and cardiopathy.[@bib0245], [@bib0250] Thus, an increase in the number of ASD correction procedures is to be expected. These procedures often require the use of osteotomies, especially in rigid deformities,[@bib0175], [@bib0180], [@bib0190] and are often associated with complications. Publications have shown that patients undergoing 3 CO are subject to even greater risks of complications, including neurological deficits.[@bib0210] Thus, the present study presented a series of patients who underwent 3 CO for ASD correction, analyzing the patients' profile, details of the surgery, the correction of radiographic parameters, clinical outcomes, and complications in these patients.

The patients were classified by the SRS-Schwab system, and the majority presented no deformity in the coronal plane (Type N). In the study that proved the clinical relevance of the SRS-Schwab classification,[@bib0255] it was observed that the incidence of patients with Type N deformity was lower than that of those with coronal deformities, but patients with Type N deformity had a significantly higher incidence of surgery and more frequently needed osteotomies. The fact that the present study included only patients who underwent surgery and 3 CO explains the vast majority of cases classified as Type N. Regarding the sagittal modifiers, all patients in the present study presented alterations in the three modifiers, which is also in agreement with the literature; patients who undergo surgery have worse sagittal modifiers; the worse these modifiers, the more frequent the need for osteotomies.[@bib0255]

3 CO is a technique with high corrective possibility for deformities in the sagittal plane and coronal plane, or in both.[@bib0175], [@bib0180] However, due to the high morbidity associated with this procedure, its indication should be restricted to cases in which there is severe global sagittal disequilibrium and/or rigid deformities, often in patients with long arthrodesed segments of the spine.[@bib0260] All but one patient, in this 3 CO study, had previously been submitted to surgery on some segment for lumbar arthrodesis. Although the present study considered patients with rigid deformity, a high deformity correction possibility was observed. A significant improvement in all radiographic parameters considered was noted, and the mean gain of lumbar lordosis was 34.2° in patients who underwent pedicle subtraction. The literature indicates that a pedicle subtraction osteotomy has a correction possibility between 25° and 35°.[@bib0195], [@bib0265], [@bib0270], [@bib0275] In addition to presenting even greater possibility in correcting rigid deformities of the spine, grade 5 osteotomy (VCR) is indicated when there is a concomitant imbalance in the sagittal and coronal planes.[@bib0265] A grade 5 osteotomy was performed in one patient, classified as SRS-Schwab type D, SVA+, PT++, PI-LL +, who had, in addition to sagittal imbalance and a lumbar curve of 68° in a previously arthrodesed region, a thoracic curve of 35° and coronal imbalance. After surgery, the coronal deformity was corrected to 13° (correction of 55°, 80%), in addition a 9.1 cm SVA correction.

The occurrence of complications in 60% of the patients (6/10), with a mean of one complication/patient, reinforces the high morbidity and complexity of the treatment of ASD with 3 CO described in the literature, with rates of up to 82%.[@bib0175], [@bib0185], [@bib0215], [@bib0265], [@bib0280], [@bib0285] Recently, Kelly et al.[@bib0210] presented the results of a multicentric retrospective analysis of complications in 3 CO surgeries, considering this technique by the main specialists in the United States, and demonstrated complications in 50.8% of the patients. Regarding the occurrence of neurological complications, Lenke et al.[@bib0285] presented a prospective multicenter study in which they evaluated the neurological outcome in patients undergoing surgical treatment for complex ASD, 79% of whom underwent 3 CO. It was observed that, at the time of discharge, 22.18% of the patients presented some level of loss of strength in the lower limbs and, after sixth months, 10.82% persisted with some loss of strength in the lower limbs. In the present study, three (30%) of the patients presented some degree of loss of strength in the lower limbs and only one (10%) maintained this loss in the postoperative follow-up.

Among the most frequently described complications is pseudarthrosis, followed by implant rupture.[@bib0175], [@bib0270], [@bib0290] However, in the present study, no patient presented implant rupture or clinical or radiological suspicion of pseudoarthrosis, with a mean follow-up of 24 months (minimum of 14). The use of multiple-rod constructs crossing the 3 CO site has been recommended to increase stability, and to prevent implant failure and the occurrence of pseudarthrosis.[@bib0290] More recently, Gupta et al.[@bib0295] showed that in addition to the number of rods crossing the 3 CO site, the fact that the third or fourth rod was independent (satellite rod), *i.e.*, not connected to the primary rods, presented a significantly lower rate of implant failure and/or pseudarthrosis. In the present study, in most cases the 3 CO site was crossed by two or more rods; in all cases, the rods were "satellites", without connection to the primary rods, which may have had a protective effect against complications related to implant failure.

A recent study demonstrated the benefits of surgery over conservative treatment in clinical improvement and considered indicators of quality of life for patients with ASD.[@bib0300] Studies have shown that even patients with clinical and/or surgical complications, including those requiring reoperation, presented improved quality of life indicators after 3 CO.[@bib0205], [@bib0270] The present study demonstrated a significant improvement in quality of life indicators, even with a complication rate of 60% of the cases.

The main limitation of the present study is the small sample size analyzed and the fact that patients from only one healthcare service were included, which reduces the possibility of statistical analysis. However, this study presented data that considered patients submitted to the complex 3 CO surgical procedure, with a minimum of 12 months postoperative follow-up, considering the structure of a Brazilian health service, data still little reported in our midst. One of the purposes of the present study is to raise interest in other healthcare services for the development of multicentric analyses, increase sample size, and improve the possibility for interpretation of data.

Conclusion {#sec0025}
==========

Despite the high rate of complications, 3 CO was shown to be a successful technique considering the clinical and radiographic results in the treatment of complex cases of rigid ASD in a sample of patients operated in a Brazilian healthcare service, with a minimum of 12 months follow-up.
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[^1]: F, female; BMI, body mass index; M, male.

[^2]: SD, standard deviation; SVA, sagittal vertical axis; PI-LL, discrepancy between pelvic incidence and lumbar lordosis; LL, lumbar lordosis; PV, pelvic version.

[^3]: SD, standard deviation; ODI, Oswestry Disability Index; SRS-22, Scoliosis Research Society-22.

[^4]: Min, minute; N°, number; Sub P, pedicle subtraction; VCR, vertebral column resection.
